Many people in Norway and Sweden reported headaches, fatigue, and other symptoms experienced in connection with the use of a mobile phone (MP). Therefore, we initiated a cross-sectional epidemiological study among 17,000 people, all using an MP in their job. Thirty-one percent of the respondents in Norway and 13% of those in Sweden had experienced at least one symptom in connection with MP use. Next to the sensations of warmth on the ear and behind/around the ear, burning sensations in the facial skin and headaches were most commonly reported. Most symptoms usually began during or within half an hour after the call and lasted for up to 2 h. Relatively few had consulted a physician or been on sick leave because of the symptoms, but about 45% among those with an MP attributed symptom had taken steps to reduce the symptom. These results suggest an awareness of the symptoms, but not necessarily a serious health problem.
INTRODUCTION
Symptoms experienced in connection with the use of a mobile phone (MP) have been reported from Australia. 1 In Scandinavia also, some people using an MP have complained about headaches, vertigo, feelings of discomfort, sensations of warmth and other symptoms. We wished to obtain a description of the symptoms and conditions that might be important for the occurrence of symptoms, and to compare the prevalence of symptoms among people using a digital MP (GSM 900) and an analogue MP (NMT 900). Both phone systems operate with a carrier wave at 900 MHz, but whereas the NMT phones use a continuous carrier wave, the carrier wave of the GSM phones is pulsed. The two systems also differ with respect to output power. The maximum output power during a pulse from GSM phones is higher than the maximum output power from NMT phones (2 versus 1 W). However, the mean power from GSM phones is the lower, and because of regulation systems, under most conditions the GSM phones operate at much lower levels than the NMT phones. 2 For further details see Andersen et al. 3 We initiated a Swedish-Norwegian epidemiological study, and the hypothesis postulated, i.e. that the Correspondence to: Gunnhild Oftedal, Norwegian University of Science and Technology, Department of Physics, N-7491 Trondheim, Norway. Tel: +47 73597827; fax: +46 73591854. e-mail: gunnhild.oftedal@phys.ntnu.no prevalence of symptoms is higher among GSM users than among NMT users, was falsified. As a corollary we observed a statistically significant association between calling time/number of calls per day and the prevalence of warmth behind/around or on the ear, headaches and fatigue. 2 The aim of this paper is to describe measures taken to reduce the symptoms experienced in connection with MP use, conditions and measures experienced to be important for the symptoms, consequences with respect to medical consultations and sick leave, as well as to describe the symptoms.
MATERIALS AND METHODS

Study population
The study was performed as a cross-sectional epidemiological investigation by sending out a questionnaire to about 12,000 MP users in Sweden and 5000 in Norway. The number of people using GSM and NMT was approximately equal. A reference group of ordinary phone users was not included because we expected a comparison between MP users and ordinary phone users to be biased due to the public concern for health effects related to MP use, and we had no mean to adjust for such a bias.
The people included in the study were randomly selected from subscription registers where a company was the subscriber, but an individual was assigned to the phone. In Sweden, the number of respondents was 7803, and in Norway it was 2828. The response rate estimated by adjusting for subjects who did not receive the questionnaire was 76% for Sweden and 64% for Norway.
Questionnaire
The questionnaire included separate questions about symptoms experienced in general (an individual was defined as having a symptom if the symptom occurred at least once a week), and symptoms that occurred or were aggravated in connection with the use of an MP, an ordinary phone, or in connection with visual display terminal (VDT) work. A comparison between MPattributed symptoms and VDT-attributed symptoms was of interest because in both Norway and Sweden there has been a concern for possible health effects in connection with exposure to electromagnetic fields from VDTSj and various skin symptoms as well as neurasthenic symptoms have been reported among VDT users. A list of symptoms was given: dizziness, feelings of discomfort, difficulties concentrating, memory loss, unusual fatigue, headaches, sensations of warmth behind/around the ear, sensations of warmth on the ear, burning sensations in the facial skin, tingling/tightness sensations in the facial skin, and other symptoms, meaning that the respondent could specify any symptom which he/she had experienced.
Exposure factors with respect to the use of MPs and possible confounding factors such as gender, age, occupation, VDT-work and psychosocial factors were registered. Four groups of occupations were defined by using the Swedish AMSYK classification of occupation. 4 • Management. A leading position in companies or public administration, and politicians.
• Professional. At least 4 years of university education.
• Intermediate non-manual employees. Shorter university education.
• Others. No demand of university education, including blue-collar workers, secretaries and salesmen.
The psychosocial work load was estimated based on the sum of scores of four commonly used questions, as given in Table 1 . Three categories were defined: low (sum, 0-2), medium (3) (4) (5) , and high (6) (7) (8) (9) (10) (11) (12) , where low means that the person is experiencing the lowest psychosocial work load.
The last part of the questionnaire was to be answered by those having experienced at least one symptom in connection with the use of an MP. We asked how quickly the symptoms appeared in connection with an MP call, how long the symptoms continued, whether the symptoms had led to medical consultations or sick leave, about conditions of importance for the symptoms, and steps taken in order to reduce the symptoms.
Non-respondent analysis
After the collection of the questionnaires, about 10% of the non-respondents in each country were randomly selected for a non-respondent analysis. The subjects were interviewed by telephone by using a questionnaire made for this purpose. Questions about reasons for no response, transmitter system used, and whether symptoms had been experienced in connection with MP use were included. Because of a relative low response rate in Norway, we compared the distribution of non-respondents and respondents for various potential risk factors. For this purpose information available from the Norwegian subscription data base was used for all selected subscribers. Further methodological details are given by Oftedal et al. 5 
Statistical methods
Differences between the Norwegian and Swedish respondents with respect to various individual, work related, and MP related factors were tested by using Student's l-test. To test for relations between end point variables (e.g. symptom occurrence, medical consultation, sick leave) and various exposure factors, one-way analysis of variance (ANOVA), Dunnett's T3 was used. Linear trends with respect to the number of calls per day and calling time per day, respectively, was tested by using polynomial analysis. Pearson's chi-square test was used to analyse whether a symptom attributed to an MP was dependent on the same symptom attributed to VDT work. All analyses were done with the use of the SPSS package. A result was considered to be statistically significant if the significance probability was less than 0.05.
RESULTS
Characteristics of people reporting symptoms attributed to mobile phones
The number of respondents who had experienced at least one symptom in connection with the use of an MP, including sensations of warmth on the ear and behind or Table 2 . Distribution of respondents without any symptom attributed to the use of a mobile phone (MP) and of respondents having at least one such symptom for individual, work related, and MP related factors, and for the self evaluated state of health. The number (n) of respondents with and without symptoms, respectively, is given for Norway and Sweden. *NMT, people with only one NMT phone; GSM, people with only one GSM phone; mixed, people with more than one MP, people with NMT 450, and people for which transmitter system information was missing.
respectively, and in Sweden 11, 14, 15 and 10%, respectively. The difference between any two categories was statistically significant for both countries only when comparing intermediate non-manual employees and others.
We tested whether the distribution of respondents for the various factors listed in Table 2 was different between the two countries. Statistically significance was obtained for all factors except for VDU work.
Description of the symptoms
As shown in Figures 1 and 2 , sensations of warmth on the ear or behind or around the ear were experienced mainly during and shortly after phone calls were made, whereas most of the other symptoms were usually delayed relative to phone calls. Headaches, for instance, typically appeared during or within 30 min after the call, and for most people this symptom continued up to 2 or 6 h after the call, but in some cases it lasted for more than 6h.
The feelings of warmth were felt on the same side as the MP was held by about 97% of the respondents with these symptoms. At least 62% of those with a facial skin symptom and nearly 40% of those with headaches experienced the symptom to be ipsilateral relative to the side where die MP was held, while almost all of the remaining subjects with these symptoms did not relate it to any specific side. These results were similar for both countries.
Symptoms attributed to mobile phones, ordinary phones and VDT
As indicated in Table 3 , a higher percentage of the Norwegian respondents compared to the Swedish respondents had experienced the various symptoms in connection with the use of an MP. For both countries, the symptom most frequently attributed to MP use was sensations of warmth on the ear and behind or around the ear. The number of people having at least one symptom other than any of these warmth sensations was 22% in Norway and 7.4% in Sweden. Among other symptoms attributed to the use of an MP, ear, eye and neck problems were most commonly specified. About 1% of the respondents in both Norway and Sweden had experienced sensations of warmth on the ear or behind/around the ear in connection with the use of an ordinary phone. Any of the other symptoms had been experienced by less than 0.7% in both countries.
The percentage of people working with a VDT who had experienced the various symptoms in connection with VDT work (and not MP use), with MP use (and not VDT work), and with both of these devices is shown in Table 4 . The number of people who attributed a symptom to both MP use and VDT work was relatively low compared to the number of people who attributed this symptom to either MP or VDT. Statistical analyses, however, show a statistical significant dependence between attributing a symptom to MP use and attributing the same symptom to VDT work. The only exceptions were for sensations of warmth on the ear and behind or around the ear among the Norwegian respondents. 
Medical consultations and sick leave
Among all respondents, 1.6% in Norway and 0.5% in Sweden had consulted a physician because of symptoms attributed to an MP. Among those who had experienced at least one MP-attributed symptom, these figures were 4.1% in Norway and 3.7% in Sweden. The corresponding numbers for sick leave were 1.1% in Norway and 0.13% in Sweden among all respondents, and 2.4% in Norway and 1.0% in Sweden among those who had an MP attributed symptom. People who had experienced at least one symptom other than warmth sensations (or in addition to warmth sensations) accounted for almost all of the medical consultations and cases of sick leave.
Conditions under which the symptoms were experienced
When people with an MP attributed symptom were asked about conditions under which the MP attributed symptoms occurred, 66% in Norway and 71% in Sweden indicated long duration phone calls. In Norway, 48 -78% (depending on the symptom) indicated that the phone call had to be 5 min or longer to provoke the symptoms. The corresponding figures in Sweden were 38 -68%. In both countries, about 16% suggested stress conditions, and about 10% suggested conditions with difficulties in hearing to be associated with the occurrence of the MP attributed symptoms.
Steps taken to reduce the symptoms
Among people with symptoms attributed to MP use, about 45% in both Norway and Sweden had taken steps to reduce the symptoms. The most common step in both countries was reducing calling time, and next came using hands-free equipment. Within the category 'other steps', changing the side at which the MP was held was most often specified, both in Norway and in Sweden. Most of the people experienced that the reported step led to a reduction of the symptoms (Figure 3) . Table 4 . Percentage of people who had experienced the symptom in connection with the use of a mobile phone (MP), in connection with VDT work (VDT), in connection with both MP use and VDT work (Both), and the significance probability (P) for a dependence between a symptom in connection with an MP and the same symptom in connection with VDT work for respondents (n) working with a VDT in Norway and Sweden, respectively 3 . Number of people who had taken steps to reduce symptoms attributed to mobile phone (MP) use (taken the step); number of people who had experienced a reduction of the symptom after having taken steps (positive effect); and the number of people who did not experience any reduction of the symptom after having taken steps (no effect). The number of people (n) with at least one MP-attributed symptom is given for Norway and Sweden, respectively. 
Exposure variables versus symptom occurrence, measures, medical consultations, and sick leave
A potential health effect of MP use might be reflected in medical consultations, sick leave, and measures taken to reduce the symptoms, as well as in symptoms attributed to MP use and in the prevalence of symptoms in general. We were interested to see whether the relation between each of these end point variables and a given exposure factor (transmitter system, calling time, and number of calls per day) were consistent or not. Table 5 shows that all end point variables (except steps taken and medical consultations in Sweden) were reported more by people using an NMT MP than by those using a GSM MP. This difference was statistically significant in both countries for symptoms experienced in general, in Sweden for MP attributed symptoms, and in Norway for steps taken to reduce symptoms. People using their MP frequently reported all the end points more often than people using the MP rarely. When comparing any two categories of number of calls per day, the difference was statistically significant for all comparisons in both countries for symptoms in general and for symptoms attributed to MPs, with one exception: the difference in Sweden between 'less than two calls per day' and 'two to four calls per day' for symptoms in general. In Norway statistically significant differences between any two categories were also obtained for steps taken to reduce symptoms. Similar results were obtained for the total calling time per day. Here the only exception from statistical significance for the mentioned end point variables was found in Norway when comparing 'less than 2 min/day' and '2-15 min/day' for steps taken to reduce symptoms. Significance probabilities for trends between the end point variables and number of calls and calling time, respectively, are given in Table 5 .
When performing the same analyses by excluding people having experienced only the warmth sensation on the ear or behind/around the ear, similar results as those presented in Table 5 were obtained.
Non-respondent analysis
The non-respondent analysis suggested that the number of non-respondents who did not receive a questionnaire was relatively high: 21% in Norway and 43% in Sweden. The number of non-respondents who had experienced any symptom in connection with MP calls was 15% in Sweden, and 17% in Norway. Potential risk factors (transmitter system, gender, geographical location and trade) were almost equally distributed for respondents and non-respondents in the Norwegian material. See Oftedal et al. 5 for further details.
DISCUSSION
A relatively high number of respondents in the present study reported that they had experienced symptoms in connection with MP use. This is also the case for symptoms other than the sensations of warmth on the ear and behind or around the ear. The fact that people experience a symptom, or become aware of a symptom during or shortly after a phone call, does not necessarily imply a causal relation between the use of the MP and the symptom. In particular, it is uncertain whether symptoms that began later than 2 h after the call were a result of MP use. The great difference in the percentage of people with an MP attributed symptom in Norway and Sweden may partly be due to a response bias in the Norwegian data. In Norway, fewer non-respondents than respondents had experienced any MP attributed symptom. This was not the case in the Swedish data. Other reasons for the observed difference in reported symptoms, may be differences between the groups of respondents with respect to age and the use of the MP. The Norwegian respondents were in general younger, used their MP more often and had longer calling times than the Swedish respondents, and young people and people using the MP the most are suggested by the data in Table 2 to have a relatively high risk for MP attributed symptoms. Furthermore, differences between the Norwegian and G. Ottedal ef a/.: Symptoms connected with mobile phone use 243 Table 5 . Percentage of people with any symptom occurring at least a week (symptom in general), with at least one mobile phone (MP) attributed symptom, who had taken steps to reduce an MP attributed symptom, who had consulted a physician because of an MP attributed symptom, and been on sick leave because of an MP attributed symptom, for people within different categories of A: transmitter systems; B: numbers of calls per day; and C: calling time per day.
A: Groups with different categories of transmitter system. The statistical significance probability (P value) for a difference between the various categories is given Swedish language may have influenced the results even though efforts were made to formulate the questionnaires so that the meaning of the questions would be identical. Some cultural differences as well as differences in the social and economic situation might have caused more people in Norway than in Sweden to report about MP attributed symptoms. We also speculated whether there had been more public concern in Norway than in Sweden about possible health effects caused by the radio frequency electromagnetic fields from the MPs. 6 Skin symptoms associated with electromagnetic fields from VDTs have been more focused upon in Sweden than in Norway. Accordingly, we observed more facial skin symptoms attributed to VDT work among the Swedish respondents than among the Norwegian respondents. Despite the difference in the occurrence of symptoms between Norway and Sweden, similar results for the two countries were obtained with respect to the description of symptoms and with respect to the statistical relations between symptoms and various exposure variables.
Besides the similarity between the two countries revealed in Table 5 , it is interesting to observe the consistency between the various endpoint variables: symptoms experienced in general, symptoms attributed to an MP, steps taken to reduce the symptom, medical consultations, and sick leave. The results for calling time (Table  5 , part C) are also consistent with the observation that the majority of the respondents with a symptom, reported the symptom to occur in connection with long duration calls, and that most of the people who reduced the calling time to reduce the symptom, experienced a positive effect of the measure, although the experience of symptom reduction may at least partly be due to a placebo effect.
The sensations of warmth on the ear and behind or around the ear, which were the most frequently registered MP related symptoms, almost always occurred only during the phone call and also on the same side of the head as the phone was used. We have reported a statistical relation between the prevalence of some of the symptoms and the calling time/number of calls per day, and this relation was particularly pronounced for the sensations of warmth. 2 Tornevik et al? measured the temperature of some MPs. The maximal temperature increase of free phones was between 15 and 19°C and was located in the area of the ear piece. The skin temperature at the spot with maximal temperature increase was found to be between 37 and 41°C for NMT phones and between 36 and 39°C for GSM phones. These findings, together with our results, may indicate a causal relation between the use of an MP and the warmth sensations.
Most of the respondents reported the neurasthenic symptoms and the facial skin symptoms to begin during or shortly after the phone call. This is in accordance with Hocking's results. 1 He interviewed 40 people with unpleasant sensations such as burning feelings or headaches and found that the symptoms often began minutes after the beginning of the call. His indications of the duration of the symptoms are also similar to our findings. Hocking stated that the symptoms usually ceased within an hour, but the symptoms could last till evening. Thus, for some people symptoms other than the sensations of warmth also appear to coincide in time with the use of the MP, and headaches and the facial skin symptoms occurred either ipsilaterally or bilaterally relative to the side of the MP. Since these results may be influenced by a recall bias, they do not give a sufficient evidence for a causal relation between MP use and the symptoms. However, some factors have been suggested to explain a possible link between MP use and neurasthenic symptoms like headaches. Frey 8 has pointed out the potential role of radio frequency field, and he suggests that headaches might be explained by an increased permeability of the blood-brain barrier and/or by an influence on the dopamine-opiate system. Other possible explanations might be muscle strain by holding the phone, stress caused by frequent interruptions by phone calls or by difficulties in hearing or being heard. 2 The fact that nearly half of the respondents with an MP attributed symptom had taken steps to reduce the symptom, suggests that relatively many were conscious of the symptom before they received the questionnaire. Taking measures to reduce the symptom may also indicate that the symptom was experienced as unpleasant. On the other hand, only about 4% of those with an MP-attributed symptom had consulted a physician because of that symptom. This might suggest that the symptoms were not experienced as a serious health problem. Alternatively, respondents with a symptom did not consult a physician because they took appropriate steps to reduce the symptoms as indicated by the relative high percentage of people who experienced an improvement after the step.
In both countries people who reported a symptom in connection with MP use were more likely to have the same symptom in connection with VDT work and vice versa compared to people without the symptom attributed to MP/VDT use. However, a symptom was most often attributed to only one of these devices rather than to both, suggesting that symptoms experienced in connection with MP use and symptoms experienced in connection with VDT work are usually not related.
Hocking's observations 1 included both people using an MP in connection with the job and private subscribers, suggesting that MP-attributed symptoms may occur among both groups of MP users. Our study included only people using an MP in connection with their job, and this group may deviate from private MP users with respect to the use of the MP and other factors which might influence the symptoms. Accordingly, the results in this study can not be generalized to all MP users.
CONCLUSIONS
Relatively more Norwegian than Swedish respondents had experienced symptoms in connection with the use of an MP. Otherwise there was no major difference between Norwegian and Swedish with respect to the symptom data. Next to the sensations of warmth on the ear or behind/around the ear, burning sensations in the facial skin and headaches were most commonly experienced in connection with MP use.
The warmth sensations were predominately experienced during the MP call. Other symptoms, like headaches, most often began during or within half an hour after the call and usually lasted for up to 2 h.
Although relatively many of the respondents reported MP-attributed symptoms, relatively few had consulted a physician or been on sick leave because of the symptoms. An awareness of the symptoms is suggested by the fact that nearly half of the respondents with an MP-attributed symptom had taken steps to reduce the symptom. Most commonly, they had reduced the calling time or started using hands-free equipment. Most people experienced a reduction of the symptom as a result of the reported steps. Various results are consistent with the observation that the symptoms were experienced predominantly in connection with long duration calls.
The relatively high number of people reporting the symptoms, as well as other results obtained in this
